An automatic flow injection (FI) system for the determination of mercury was developed using a commercial cold vapour atomic absorption spectrophotometer (CVAAS). Control [10, 13, 14, 20] and, finally, by automation of the analyser itself [9, 21 ].
of mercury (30 pg absolute) using 5"7 ml (three injections of 1900 Izl of the sample) with an analytical frequency of six samples per hour and reproducibility of 5%. The procedure was used to determine mercury infish, ha# and natural water samples. [7, 8] . Since then, numerous modifications and adaptations have been reported in the literature [7, [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] .
These modifications include adaptation of the cold vapour to a flow injection (FI) system [11, [16] [17] [18] , the use of chromatography columns for speciation [19] , utilization of gold filled columns for one or two stage mercury amalgamation [10, 13, 14, 20] and, finally, by automation of the analyser itself [9, 21 ].
Pre-concentration procedures have a high level of reliability and applicability due to the lower detection limit [10, 13, 22] . In this procedure a gold and mercury (Hg) amalgam is formed after stripping the reduced form of the metal from the matrix. After thermal desorption, mercury vapour is carried into the detection cell using a stream of inert gas. However, this pre-concentration procedure increases the number of analytical steps involved which makes the manual procedure difficult, so, automated systems to replace manual procedures are now becoming more popular. This paper describes the development and optimization
Introduction Experimental
The effects of environmental contamination caused by mercury have been known for decades [1 ] . Mercury can be introduced into the environment by both natural and anthropogenic sources, including volcanic emissions, mining, industrial and agricultural activities [2, 3] . To assess and evaluate the real impact of mercury in the environment, it is necessary to quantify the metal stock in a large variety of discrete reservoirs, as well as the flux among these systems. In natural waters, for example, levels below the detection limit of most analytical techniques are often encountered. Typical values for total dissolved mercury concentration are at the picomolar level (0-2-100 ng -) and, in some cases, are even lower [4, 5] .
Methods used for mercury determination include colorimetry, atomic absorption spectrophotometry, cold vapour atomic absorption spectrophotometry (CVAAS), cold vapour atomic fluorescence spectrophotometry (CVAFS) and neutron activation analysis [6] . Among these methods, CVAAS and CVAFS are currently the most widely used mainly due to their very low limits of detection. CVAAS was first described by Polucktov [11, 23] . The automated version was based on a prototype developed by Pasquini et al. [11] .
An Ismatec MS-REGLO-7331-00 four-channel peristaltic pump fitted with Viton pumping tubes was used for fluid flow control.
An IBM-PC 286 XT compatible microcomputer with 640 kbyte RAM, 20 Mbyte Winchester, 360 kbyte floppy, and a CGA-monochrome display was used for control and data acquisition in the automatic FI system.
Interface
The control device of the FI system was done by using an 8 bit parallel asynchronous interface [24, 25] . The interface communicates with the microcomputer through a user port based on the CI 8255 [25] , which is plugged into an extension slot inside the microcomputer.
The dynamic analogue-to-digital converter described previously [25] was replaced by the 8 bit analogue-todigital converter (ADC 0808) for data acquisition of the CVAAS output.
Three of the output lines of an 8 bit latch (CI 74LS373) [25] were used to source the base current to TIP 121 transistors which controlled the electromechanical valves. Another four lines of this latch were used to control four solid state relays, used to switch the peristaltic pump, the cooling fan, the heating coil of the gold column, and the CVAAS internal vacuum pump on and off.
Gas/liquid separation cell The gas/liquid separation cell is shown in figure 1 . The cell used in this work was modified from the one previously described [11] . The cell was constructed of Pyrex and two different sizes were tested. When using a 550 tl sample loop, a 5"0 cm long and 1"0 cm internal diameter cell was used. When a 1900 tl sample loop was used, the separation cell measured 2"0 cm inner diameter and 6-0 cm in length.
Gold and lime soda column
The gold amalgamation column was constructed using a 4"0 cm long and 0"35 cm inner diameter quartz tube. Sample introduction device Figure 2 shows the sample introduction device used in the automatic FI system. This device is a modification of a similar one previously [26] described, where a fourth electromechanical three-way valve (NResearch-161T301, 12 V, 80 mA) was included. This modification allows the sample to be aspirated by the peristaltic pump, rather than by gravity [26] . A control signal, generated by the microcomputer, changed the device from sampling to injection mode by simultaneously turning all valves on or off, respectively.
Software to control the automatic FI system The software to drive the users' port and interface has been described previously [27, 28] . In addition, to control the automatic FI system, a sub-program was written in OuickBasic 4"5 (see the flow chart in figure   3 ). Cyclic operation of the system starts by turning the peristaltic pump on. During this stage, the sample introduction device is in the sampling position (all valves off). The reductant solution is continuously pumped and removed from the gas/liquid separation cell by vacuum. When the selected sample loop has been filled with sample solution, the sampling device valves are turned on, the vacuum valve is turned off, and the nitrogen control valve is turned on. Now the reductant solution carries the sample to the separation cell where nitrogen is being purged continuously into the separation cell. After the whole sample loop has been introduced into the gas/liquid separation cell, the pump and sample introduction device are turned off. After complete removal of elemental mercury from the solution, the Perhaps the most critical experimental parameter in the whole procedure is setting the appropriate gas flow rate.
The carrier gas is responsible not only for the Hg transference from the liquid to the gas phase in the separation cell, but it also carries the elemental mercury into the detection cell with such a flow rate that the highest metal density is achieved during the atomic absorbance readings. Output signals show good reproducibility, with a relative standard deviation of 5% (N 3). 
Conclusion
The results showed that the introduction of an amalgamation column and the automation of the system improved the detection limit for mercury, making it feasible to determine levels of 10 ng 1-1, which is 20 times lower than the detection limit obtained using the previously described method [11] . 
